The supraorbital keyhole approach through an eyebrow incision offers access to a wide range of lesions of the anterior, middle, and even the posterior fossa. [5] [6] [7] 9, 15, 18, 19, 24, 26 Although the operative technique, surgical outcomes, and complications of this approach have been described briefly, to our knowledge patient satisfaction has not yet been reported in the literature.
Surgical Technique
The same surgical technique, reported elsewhere, 20, 21 was used for all patients. In brief, the patients were placed
The skin was incised in the lateral part of the eyebrow.
was retracted in the frontal direction. Using a monopolar knife, the frontal muscle was divided parallel to the orbital rim; after the temporal line was reached, the monopolar blade was turned 90° and then followed the temporal line in a basal direction to the zygomatic process of the frontal bone. A high-speed drill and punches were used to fashion a single frontobasal bur hole posterior to the temporal line at the level of the frontal cranial base. A high-speed craniotome was used to cut a straight line parallel to the orbital rim in a lateral-to-medial direction, and subsequently, a C-shaped line was cut from the bur hole to the medial border of the previously created frontobasal line. This procedure produces an approximately 20 15-mm craniotomy. After the inner edge of the craniotomy above was drilled, the orbital rim was opened in a After completion of the intracranial procedure, the -nioFix plate (Aesculap AG), and any craniotomy defects outcome. The muscles were reapproximated, and the skin was closed with subcutaneous and subcuticular sutures.
Retrospective Evaluation
During the 10-year study period, the supraorbital approach was used for 418 patients. For every patient, the supraorbital approach was performed after careful preoperative study of diagnostic images to determine the least traumatic route to the lesion, taking into consideration each patient's particular pathoanatomical factors.
Case notes and images were available for 408 patients with varying pathological conditions (Table 1) . In addition, 375 available patients were contacted and completed a follow-up patient satisfaction questionnaire. Patients were asked to rate postoperative scar pain and headache on a scale from 1 to 5 (1 = no pain, 5 = severe pain), postoperative cosmesis on a scale from 1 to 5 (1 = frontal weakness, frontal hypesthesia, and hyposmia.
To evaluate the surgical learning curve involved in performing supraorbital craniotomy, we evaluated satisthe procedure. We compared responses by using the Fisher exact or chi-square test.
Deaths
During the 30-day perioperative period, 8 patients died. Causes of death were hemorrhage (n = 1), pulmonary embolism (n = 1), and severe vasospasms after aneurysmal subarachnoid hemorrhage (n = 6); the overall mortality rate was 2.0%.
Approach-Associated Complications
Postoperative hemorrhage occurred in 7 patients (1.7%); among these, urgent surgery was needed for 2 (0.5%). Postoperative CT images demonstrated subdural hygromas in 6 patients (1.5%), among whom surgery was needed in 2 (0.5%). Wound-healing disturbances occurred in 5 patients (1.2%), among whom removal of suppuration. For 18 (4.4%) patients, a subcutaneous CSF pouch was observed and successfully managed conservatively for all. A total of 5 patients (1.2%) experienced a postoperative CSF leak, 3 through the frontal sinus and 2 through the deep paranasal sinuses after removal of the anterior clinoid process. Transient palsy of the frontal muscle was reported for 13 (3.5%) patients and permanent palsy for 8 (2.1%). Problems with closure of the eyelid were not reported for any patient. Transient frontal hypesthesia was reported for 18 patients (4.8%) and permaoccurred in 1 patient (0.2%). Transient hyposmia was reported for 3 patients (0.8%) and permanent hyposmia for 8 (2.1%); all of these patients harbored meningioma in or near the olfactory groove. Postoperative approachassociated complications of the eyebrow incision and supraorbital craniotomy are summarized in Table 2 .
Patient Satisfaction
Postoperative scar pain and headache were reported as "none" or "minimal" (score of 1 or 2) by 335 patients (89.3%) ( Table 3 ). The cosmetic outcome was reported as "very pleasant" or "quite pleasant" by 348 patients Cosmetic and functional outcomes after supraorbital craniotomy 3 (92.8%) ( Table 4) . Among patients who were not entirely temporal line, where the bur hole trephination had been performed. Postoperative problems with chewing were described by 8 patients (2.1%).
Surgical Learning Curve
erative facial palsy, hyposmia, and improvement in patient satisfaction with cosmetic outcome were noted (p < in postoperative scar pain and headache, frontal numbness, or problems with chewing were noted.
The extent of acceptance and adoption of the supraorbital approach will depend on the satisfaction of neuif the approach offers reduced intraoperative traumatization, shorter operating times, and shorter hospitalization --proach is associated with less pain, improved cosmesis, and fewer postoperative complaints.
Our case series has demonstrated that the keyhole supraorbital approach can be performed with excellent surgical outcomes and very few associated complications. The neurosurgical advantages of limited approaches are well known.
4,8,9,11,14,17 A supraorbital craniotomy through an eyebrow incision can provide a more direct approach to pathological conditions and can reduce the time from skin incision to durotomy to approximately 15 minutes, providing the potential for shorter operating times. 26 Moreover, the smaller skin incision, limited soft-tissue dissection, and minimal brain exposure and retraction can reduce associated postoperative complications. However, keyhole approaches also have shortcomings, especially with regard to surgical safety. 17 Because microsurgical dissection through a keyhole approach substantially limits the surgeon's working space, gaining experience with this procedure is associated with a steep learning curve, which may expose patients to higher intraoperative risk.
Patient satisfaction with the approach was good. Patients reported that the short skin incision within the eyebrow and the single bur hole trephination behind the temporal line offered pleasing cosmetic results. Patients also reported acceptable severity of postoperative complaints, the most common being frontal hypesthesia and paresis, which persisted for 3.4% and 2.1% patients, respectively. Throughout the case series, a learning curve was demonstrated by improved cosmesis and less occurrence of frontal muscle paresis over time. Because patients who were behind the temporal line, where bur hole trephination was performed, we speculate that improvements might result -and bone cement (Fig. 1) .
We also assessed complications and death associated with the supraorbital approach. However, because the patient population in this single-surgeon series is very heterogeneous in terms of the pathological conditions treated, we refrained from comparing outcome end points, such as complications and death, between our study and others.
For all patients in our study, self-absorbable cuticular sutures were used. It is a matter of debate whether the breakdown of absorbable suture materials causes an -nounced scarring. However, Parell and Becker, in a prospective study of 41 patients who underwent excision of Not for Reprint R. Reisch et al.
thetic outcome between patients in whom absorbable or nonabsorbable intracutaneous sutures were used to close facial skin wounds. 16 The supraorbital approach requires very careful case selection, detailed preoperative planning, and meticulous execution of the surgical procedure along with use -ments to ensure safety and effectiveness. 17, 22 Because the outcomes improved with surgical experience, colleagues who are new to this technique should be closely guided through all stages of the operation. In addition, the beginning and closure of the operation should not be left to residents who have not been properly trained with this technique.
Essential limitations of our study arise from the retrospective nature of the case series, possible case-selection and self-reporting bias, and incomplete follow-up for the entire cohort. Additionally, to our knowledge, this is supraorbital approach; as a result, a comparison with previous data is not possible.
We have presented a series of cases for which the lead author (R.R.) performed supraorbital craniotomy through an eyebrow incision; we evaluated surgical ef-418 patients who underwent surgery through the supraorbital approach during the 10-year study period, the rate of approach-associated complications was favorable and the cosmetic satisfaction of surveyed patients was high.
Operations were performed at the Neurosurgical Department of the University Hospital Mainz, Germany; at the University Hospital Zurich, Switzerland; and at the Klinik Hirslanden Zurich, Switzerland. Special thanks are given to colleagues who supported the teamwork of endoscope-assisted neurosurgery. This paper is dedicated to the memory of Prof. Axel Perneczky, our teacher of minimally invasive techniques and a pioneer of the supraorbital keyhole approach.
Twice a year Dr. Stadie works as a tutor for courses on minimally invasive/endoscopic technique held by Aesculap Akademie, which provides an allowance for this work.
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